Background and objectives: Thigh grafts are placed in hemodialysis patients who have exhausted all arm access sites. The goal of this study was to compare the survival, complication rates, and overall contribution of thigh grafts with arm grafts and fistulas in patients with at least one functional thigh graft during their dialysis history.
T he primary goal of vascular access programs is to provide every dialysis patient with a permanent access and to avoid the use of tunneled central venous catheters. Toward this end, the Kidney Disease Outcomes Quality Initiative (K/DOQI) guidelines and the Fistula First initiative have emphasized the use of autogenous fistulas as the access of choice (1) . Unfortunately, Ͼ50% of all fistulas fail to mature (2, 3) , and many patients are not candidates for fistula placement. As a result, 28% of hemodialysis patients in the United States undergo dialysis with synthetic grafts (4) . Several studies have found that the longevity of mature fistulas is similar to synthetic grafts, with 2-year survival averaging 50 to 70% (5, 6) .
Recent trends in hemodialysis include increasing numbers of elderly patients, higher prevalence of diabetes and vascular disease, and, paradoxically, increased patient longevity (7) . Within this population, is a subset of patients whose arm access sites are either unavailable for access placement as a result of poor vasculature or have been exhausted after years on dialysis. Physicians have to decide whether thigh grafts are a better alternative to catheters in these patients (8) . Because grafts are preferable to catheters, it is conceivable that thigh grafts would benefit these patients. Thus, several studies have shown that the outcome of thigh grafts is similar to concurrent or historic arm grafts (9 -12) ; however, there is a general reluctance to thigh graft placement because of the prevailing impression of poor performance or associated risks for infection or leg ischemia (9, 11) .
The goal of this study was to evaluate whether these objections to thigh graft use were true by comparing the survival and complication rates of thigh grafts with previous arm grafts and fistulas from the same subset of patients. We also determined the overall contribution of thigh grafts to dialysis time in patients with long dialysis vintage.
Materials and Methods
A team of nephrologists and surgeons at the Louisiana State University Health Sciences Center (LSUHSC) provides access-related care to Ͼ300 patients who undergo dialysis at 13 dialysis units in the Shreveport area. Since 1996, a vascular access database has been used to record prospectively all interventional procedures. Details of access placement, revision, and abandonment are obtained from the database and the dialysis units.
Patients undergo presurgical ultrasonographic mapping of both arms and legs to assess adequacy of vessels for access placement. For patients who are initiating dialysis, every attempt is made to create a fistula at the most distal location possible. When fistulas cannot be created because of small vessel sizes, thrombosis or occlusion of native vessels, fail to mature, or cease to function, synthetic grafts are placed in the arms. Since 2002, patients with access failure get bilateral venograms, and complicated patients with repeated fistula nonmaturation or access failure are discussed in conference with surgeons to determine the optimal access placement site. When arm access sites are unavailable or have been exhausted after failed access attempts or access abandonment, the thigh is considered as the site for graft placement. Fistulas are not placed in the thigh at this institution. After the failure of every access, the patient is reevaluated and an attempt is made to place a fistula or an arm graft, for example, using a deeper vein. Thus, it is possible for a patient to get an arm graft or a fistula after the loss of a given thigh graft.
Although there is no protocol for access monitoring at LSUHSC, nephrologists and dialysis unit nurses routinely evaluate accesses for dysfunction and refer patients for further evaluation. Clinical signs of dysfunction include low blood flows, high venous pressures; pain or excessive bleeding on dialysis; low urea reduction ratio; swelling of extremity or face, etc. Thrombosed and dysfunctional accesses are examined by the interventional staff and treated with thrombolysis and angiography. Stenosis of Ն50% is corrected by percutaneous transluminal angioplasty (PTA) or surgical revision.
Approval to review the database for research purposes was obtained from the institutional review board. Of the 674 patients with vascular accesses, a subset of 85 patients with at least one functional (used for dialysis) thigh graft was identified for this study. All information on patient demographics and access history, including all access placements, thromboses, surgical revisions, and abandonment, were extracted from the database.
Statistical Analysis
Because most of the 85 patients had more than one access placed during the previous 12 years, the generalized estimating equation model was used to test for autocorrelation of access outcomes (thrombosis and failure) within a patient. The model showed that the number of accesses in a patient as well as the number of thigh grafts in a patient was not correlated with access thrombosis or failure. We therefore used Kaplan-Meier survival analysis to compare the cumulative, thrombosisand intervention-free survival of thigh grafts with arm grafts and fistulas. Cox proportional hazards model was used to test for significance of factors such as patient and graft characteristics on access survival.
Primary failure was defined as surgical failure, thrombosis, infection, or nonmaturation that prevented access use for hemodialysis. Access survival was defined as the difference between the dates of access placement and loss or abandonment. Reasons for access loss included thrombosis and/or failed PTA, failure to use access (e.g., inability to provide dialysis blood flows), and graft removal because of infection or pseudoaneurysm. Surgical revision was defined as jump bypass of stenosis or pseudoaneurysm, with at least one intact anastomosis of the previous graft. Surgical revision was not considered as graft loss except when both anastomoses were constructed at previously unused sites on the vasculature (i.e., a new graft was placed). Accesses were censored because of patient death, transplantation, loss to follow-up, or patency at end of study (May 15, 2008) . Event rate was computed as the ratio between the number of events (thrombosis, PTA, or revision) and the duration of follow-up in patient-years. The Kruskal-Wallis test was used to compare event rates.
Results
We queried a prospective vascular access database that has been ongoing for 12 years for all patients with at least one successful thigh graft that was used for dialysis. Of a total of 674 patients with permanent accesses in the database, 85 met this criterion and contributed 268 accesses to the study. Most patients were black, 67% were female, and 41% had diabetes. Table 1 shows that thigh grafts comprised a sizable portion (38%) of the total accesses placed. Arm grafts and fistulas made up 43 and 18% of total accesses, respectively. Fistulas were included in this study so as to provide a complete access history from a patient's perspective rather than limiting the comparison to arm and thigh grafts. Most (81%) patients had only one thigh graft during their dialysis history. Patients were not older at the time of thigh graft placement but had been on dialysis, on an average, 2.9 and 2.1 years longer than at the time of fistula or arm graft placement, respectively. Women were significantly more likely to get thigh grafts compared with men; race and diabetes did not affect thigh graft placement.
Most (79%) study patients had arm accesses before thigh graft placement. Mean number of previous accesses was 2.4 (range 1.0 to 5.0). A thigh graft was the first access placed in 18 (21%) patients. A review of the ultrasonographic and surgical reports from these patients documented that arm accesses could not be placed because of the small diameter, thrombosis, or occlusion of native vessels. Contrary to expectation, primary failure was less frequent for thigh grafts than arm grafts (3 versus 13%; P Ͻ 0.05). Only three of 103 thigh grafts failed within 30 days after placement as opposed to 15 of 116 arm grafts (Table 1) . Thigh graft placement was not associated with increased postsurgical infection, limb ischemia, or other adverse events. Fistula maturation failure rate was 61%.
Total follow-up in the study was 393 patient-years. Figure 1 shows that when primary failures were excluded, thigh grafts had significantly better survival than arm grafts (78 versus 40% at 1 year and 53 versus 14% at 3 years). Almost half (47%) of thigh grafts were patent at 5 years compared with only 3% of arm grafts. Thigh graft survival at 1 year was similar to mature fistulas. Longitudinal follow-up for up to 8 years revealed that thigh grafts survived longer than fistulas (47 versus 11% at 5 years; P Ͻ 0.01). This divergence might have been missed in a cross-sectional study with shorter follow-up.
Synthetic grafts are known to be more prone to thrombosis than fistulas. In this study, we found that thigh grafts had significantly lower thrombosis, angiogram, and total PTA rates ( Table 2 ) and, consequently, higher thrombosis-free and intervention-free survival than arm grafts and fistulas (Figures 2 and 3) . Despite longer survival, thigh grafts had lower rates of infection and surgical revision as a result of stenosis and pseudoaneurysms than arm grafts (Table 2 ) but similar overall rates of loss ( Figure 4) . Most (79%) study patients had previous arm access use; only 18 (21%) did not. Cumulative thigh graft survival was 76 versus 79% at 1 year, 62 versus 68% at 2 years, and 51 versus 59% at 3 years in patients with or without previous arm accesses, indicating that thigh graft survival was not influenced by previous access placement.
We determined the contribution of thigh grafts to the total time on dialysis. Figure 5 shows that thigh grafts accounted for 51% of total time on dialysis in patients with long dialysis vintage. There was a lot of variation from patient to patient; however, fistulas and arm grafts contributed 11 and 38% of total dialysis time, respectively. Figure 6 depicts access histories of three representative patients with Ͼ4 years of follow-up in the study. Thigh grafts made substantial contributions to dialysis regardless of previous access history. For instance, in the case of patient 1, the fistula and arm graft that preceded the thigh graft were used for 747 and 295 days, respectively. The thigh graft then extended permanent access use in this patient by 799 days. Patient 3, an example of patients with unavailable arm access sites, used the thigh graft for almost 4 years.
Discussion
A major finding of this study was that, in patients with exhausted arm access sites, thigh grafts had better long-term survival than fistulas and arm grafts. Low primary failure and thrombosis rates combined with fewer losses as a result of infection, and surgical revision contributed to increased thigh graft survival. This survival was independent of previous arm access placement. A consequence of this prolonged survival was that thigh grafts contributed substantially to the patient's total time on dialysis.
A major reason for thigh graft placement in this study was exhaustion of arm access sites (79% of patients). As with earlier studies, unavailability of arm access sites resulted in the thigh graft being the first access placed in 18 (21%) patients in this study (12, 13) . Women were more likely to get thigh grafts (Table 1) , possibly because of poor arm vasculature, peripheral vascular disease, etc.
Primary failure rate was lower for thigh grafts than arm grafts (3 versus 13%). Others have reported primary failure rates of 13 to 15%, often as a result of postsurgical infection (9 -12). Although we cannot explain the seemingly lower primary failure rate observed in our study, we believe that these losses are modest and should not be viewed as deterrents to thigh graft placement in patients without arm access sites.
The fistula maturation failure rate of 61% in patients who went on to get thigh grafts is similar to rates of 50 to 60% reported by others (2, 3) . In the setting of this longitudinal study, the high fistula maturation failure rate draws attention to patients who may not be candidates for fistula placement and/or successful maturation. These patients may be dependent on synthetic grafts as their only option for permanent access and hence at higher risk for exhaustion of arm access sites after 4 to 6 years on dialysis.
Various studies have reported that the outcome of thigh grafts was similar to concurrent or historic arm grafts (9 -19) . For example, Miller et al. (10) found that arm and thigh grafts had similar median cumulative survival (22.5 versus 27.6 months) in their prospective study. It is possible that the shorter follow-up of some of these studies may have caused underestimation of thigh graft survival.
A unique feature of this study was the longitudinal follow-up of up to 8 years of all patients with thigh graft placement and the inclusion of all access types in the analysis. This longitudi- Figure 1 . Cumulative survival of all usable fistulas (dashed line), arm grafts (heavy line), and thigh grafts (thin line) from 85 study patients. Primary failures were excluded. Inset shows 1-, 2-, 3-, 4-, and 5-year survival rates (% survival Ϯ SE). nal follow-up was possible because of a prospectively acquired clinical database. We believe that our study enables proper estimation of fistula or thigh graft survival in comparison with the shorter lived arm grafts. Our analysis revealed that in this patient subset, thigh grafts survived longer than both arm grafts and fistulas at each of the years 1 through 5 ( Figure 1) . We recognize that the study patients constitute a special subset of dialysis patients who received thigh grafts because of the exhaustion or unavailability of arm access sites. Patients who had shorter dialysis vintage or longer lived fistulas and arm grafts, who did not get thigh grafts, were excluded. Although we cannot rule out the possibility that the thigh graft recipients in our study were a unique group of patients who had shortlived arm grafts and fistulas, the data show that survival and event rates of arm grafts and fistulas in our study are similar to those reported in the literature. Given that these are patients without usable arm access sites, this increased longevity of thigh grafts is of great significance.
The number of interventions that are required to maintain access patency add to the patient's morbidity and contribute to the cost of access care. Compared with arm grafts, thigh grafts had a lower thrombosis rate (1.457 versus 0.543/patient-year) and required fewer total PTAs (1.977 versus 0.881/patient-year) to maintain patency (Table 2) . These rates are similar to those reported in the literature (10, 11) . We speculate that the larger diameter of arteries and veins in the thigh may play a role in the lower thrombosis rate observed. A consequence of the larger diameter and possibly higher blood flows associated with thigh grafts may be an increased risk for pseudoaneurysm formation. We did not find any evidence of such an increase. Despite longer survival, rates of surgical revision as a result of pseudoaneurysm formation were comparable for thigh and arm grafts in this study (Table 2, Figure 4 ). This study shows that thigh grafts are not more prone to infection than arm grafts (17 versus 19%; Figure 4 ). Although few studies have reported thigh grafts to be at greater risk, most have reported similar values (16 to 18%) (10 -18) . The infection rate (which takes into account graft survival) was also within the published range of 0.10 to 0.15/patient-year (Table 2) . Because the 5-year cumulative survival of thigh and arm grafts was 47 versus 3%, these findings suggest that thigh grafts provide longer infection-free dialysis.
The catheter infection rate at LSUHSC is 1.013/patient-year (unpublished observations), which is similar to rates reported in the literature (0.9 to 2.0/patient-year) (20) . When infection rates of grafts and catheters are compared, our study confirms that grafts are a better option than catheters and that thigh grafts are a better option in patients without viable arm access sites.
A crucial finding in this study was the significant contribution made by thigh grafts to total dialysis time and hence to the longevity of these patients. The longitudinal study design enabled us to show that thigh grafts were used on an average for half of the patient's total time on dialysis ( Figure 5 ) and that thigh grafts were valuable to these patients, both as the first and subsequent accesses ( Figure 6 ). To our knowledge, no study has determined the relative contributions of the types and locations of accesses during the life of dialysis patients.
This study sheds light on the clinically important question regarding the access of choice for the patient who has exhausted upper extremity access sites or has repeated arm access failures. Surgeons and nephrologists are reluctant to place thigh grafts in these patients, opting instead for tunneled central venous catheters. The latter are recognized to be inferior to any type of vascular access because of higher rates of infection, lower blood flows resulting in inadequate dialysis, and greater risk for development of central vein stenosis and thrombosis (20, 21) . After repeated insertion and removal of central vein catheters in the neck, venous stenosis ensues, forcing the interventionalist to access the femoral veins. Central vein catheters in the thigh have a higher infection rate than those in the neck and an increased risk for deep vein thrombosis and may adversely influence thigh graft placement (22, 23) . One study reported that only 7% of patients without arm access sites and femoral catheter placements received thigh grafts. The rest remained catheter dependent (22) . With this approach, valuable vascular real estate in the thigh is lost. On the basis of the results of this study, a more prudent approach would be to place a thigh graft in patients in whom repeated attempts at upper extremity access have failed. The higher primary surgical success with thigh grafts would cut down dialysis time with a catheter.
Would patients prefer a thigh graft over an arm graft if a fistula could not be constructed? Patients' views and preference for thigh grafts are currently unknown and have not been systemically evaluated. The thigh graft is cosmetically preferable than upper extremity grafts and fistulas because it is hidden from view when not in use. Patients could easily self-cannulate the thigh graft, and both arms are free for use during dialysis sessions. Conversely, cannulation of the thigh graft by dialysis personnel and the need for frequent observation of the graft during hemodialysis results in invasion of the patient's privacy. It is possible that with increased patient education on the survival and other benefits, thigh grafts may gain better acceptance.
Conclusions
This study shows that thigh grafts provide reliable, prolonged thrombosis-and intervention-free dialysis compared with both functional fistulas and arm grafts. Also, thigh grafts are not associated with increased risk for infection and pseudoaneurysm formation. Hence, we suggest that thigh grafts are an excellent option and should be considered in preference to catheters in patients who have exhausted all options for permanent access placement in both of the upper extremities. 
